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The recent observation of GTP-promoted poly-
merization of a single septin polypeptide suggests
that this protein has tubulin-like biochemical prop-
erties. This model cannot, however, explain the GTP-
biochemistry of heteromeric septin complexes from
cytosol.
The septins are a conserved family of GTP-binding
proteins. They were discovered in the budding yeast
Saccharomyces cerevisiae as a set of genes — CDC3,
CDC10, CDC11 and CDC12 — required for normal bud
morphology. Subsequent work suggested that septins
are the building blocks of the neck filaments which
organize the thin neck of cytoplasm separating the
mother and bud. [1]. Septins are also present in meta-
zoan cells, where they are required for cytokinesis in
some systems, and implicated in a variety of other
processes involving organization of the cell cortex and
exocytosis [2–4]. Septins immunopurified from cytosol
exist as heteromeric complexes containing three or
four different septin polypeptides in a defined
stochiometry. These complexes can polymerize into
long filaments in vitro.
All septins contain sequence elements distantly
related to conserved motifs of the Ras/EF-Tu family of
small GTPases [2,5], and analysis of isolated septin
complexes from cells and Drosophila embryos showed
that each septin subunit indeed binds a molecule of
guanine nucleotide [6,7]. For all GTPases, understand-
ing their biochemistry has hinged on understanding the
role of GTP binding and hydrolysis, and it seems likely
that the same will hold for septins. It is thus exciting that,
as reported recently in Current Biology, Mendoza,
Hyman and Glotzer [8] have observed rapid GTP hydrol-
ysis by, and GTP-driven polymerization of, a single
septin polypeptide expressed in bacteria (Figure 1).
In previous work with septin complexes isolated
from cytosol, it was difficult to characterize the bio-
chemical role of GTP for two reasons. First, the com-
plexes contain three or four different septins, each with
its own GTP-binding site (Figure 1). Second, GTP
exchange was very slow or absent in isolated com-
plexes, and their polymerization was not affected by
GTP [6,7,9]. Mendoza et al. [8] avoided the complexity
of multiple GTP-binding sites by expressing a single
septin polypeptide in bacteria. Earlier studies of bacte-
rially produced septins [10,11] also reported rapid GTP
binding and hydrolysis, but Mendoza et al.’s [8] obser-
vation of GTP-promoted polymerization is the first time
that addition of nucleotide has been observed to influ-
ence septin behavior in vitro. As such, it may presage
a breakthrough in the septin field. Figure 1 summarizes
the reported biochemical differences between the
expressed single septin polypeptide and complexes
purified from cytosol.
What are the likely implications of these new obser-
vations for septin biochemistry? Mendoza et al.’s [8]
discussion of the physiological significance of their
results is very much influenced by the biochemistry of
β tubulin and the related bacterial protein FtsZ
(Figure 2A). They propose that GTP binding promotes
septin polymerization in cells. Their data are also con-
sistent with the possibility that, as with β tubulin, GTP
hydrolysis promotes septin depolymerization. 
To reconcile with the fact that their experiments
were performed with a single polypeptide, rather than
a heteromeric complex, Mendoza et al. [8] suggest
that single septin polypeptides may polymerize in the
cell under some circumstances. They cite genetic and
cytological data as suggesting that not all the septins
in a heteromeric complex may be required for function
[10,12]. Alternatively, they suggest that the whole
heteromeric complex behaves in the same way they
observe for a single septin. In our opinion, the pub-
lished genetic and cytological data do not support the
view that single septins can function on their own,
though this question requires more research. And
while similarity to β tubulin is a reasonable hypothesis
for the role of GTP in septin biochemistry, other
models are also worth considering.
For all GTPases, GTP binding and hydrolysis allow
the protein to act as a molecular switch, but the
function of this switch differs markedly between
GTPase sub-families. In Figure 2 we summarize a
subset of the known roles of GTP in GTPase subfam-
ilies, focusing on those of greatest potential relevance
to septins. The polymerization model (Figure 2A) is
based on the established β tubulin/FtsZ mechanism.
This is the model favored by Mendoza et al. [8]; it
explains their data with isolated septin polypeptide
well, but does not account for behavior of heteromeric
complexes (Figure 1). 
The folding model, illustrated in Figure 2B, is
exemplified by α tubulin, and is worth considering for
septins. It is possible that the GTPase domain of the
septin expressed in Escherichia coli was unfolded,
that GTP binding triggered its folding, and that this in
turn promoted polymerization and hydrolysis. A
pessimistic extension is that the GTP-driven polymer-
ization seen by Mendoza et al. [8] is not in fact a clue
to septin biochemistry, but an artifact of bacterial
expression. We do not favor this idea, in part because
addition of GDP did not promote polymerization. But
it would be worth checking the folding state of the E.
coli-expressed single septin. 
The complex assembly model, illustrated in Figure
2C, describes the biochemistry of several important
GTPases, including Ras and EF-Tu, and may well be
relevant to septins. With only one septin present,
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Mendoza et al. [8] observed that GTP binding promoted
formation of a homodimer interface, leading to poly-
merization. But when a different septin is also present,
perhaps the same biochemical switch promotes forma-
tion of a heterodimer interface, and thus assembly of a
discrete complex, without polymerization. This model is
consistent with the known biochemistry of heteromeric
complexes (Figure 1) and not inconsistent with the data
of Mendoza et al. [8]. An interesting extension of this
model is that GTP hydrolysis might promote disassem-
bly of the heteromeric complex, so that regulation of
complex assembly might be important for septin
biology. In the complex assembly model, it is switching
between isolated septin molecules and heteromeric
complexes that is key to the biology, rather than
switching between subunit and polymer as in the poly-
merization model.
What needs to be done next? At a biochemical
level, the most important direction seems to be to try
to bridge between the new observations with a single
septin and previous observations with isolated
heteromeric complexes. It will be interesting to mix
two (or three) different expressed and correctly folded
septins, for example, and ask whether GTP addition
promotes polymerization of a single septin or the
assembly of discrete heteromeric complexes. The
only published attempt to date at reconstituting a
heteromeric complex from single expressed subunits
was not successful [13], but this does not preclude
the possibility.
Another important direction will be to try to find
conditions where isolated heteromeric complexes
exchange nucleotide more rapidly, and thus determine
whether guanine nucleotide regulates polymerization
or complex assembly — or some other, unexpected
function. This may require identification of a septin
GTP-exchange promoting protein. At a cellular level, a
key question in our minds is to what extent septin
function depends on polymerization, or even on
heteromeric complex formation. Analysis of yeast
strains deleted for one septin suggested that not all
septin function requires normal polymerization into
filaments [9]; whether all functions of septins depend
on heteromeric complex formation has not been
rigorously tested. A related question is whether
isolated septin molecules exist in the cell, and if so,
whether they have a function.
Beyond these issues of assembly state, the work of
Mendoza et al. [8] may help generate tools to probe
septin biology. For small GTPases, mutants deficient in
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Figure 1. Comparison of an isolated septin complex with a recombinant single septin polypeptide.
A Xenopus septin expressed in E. coli [8] was purified without bound nucleotide. This septin exchanged and hydrolysed GTP rapidly.
Addition of GTP promoted polymerization into paired filaments containing bound GDP. Septins were purified as heteromeric com-
plexes [3,7,9] from cytosol of Drosophila embryos, yeast or baculovirus-infected insect cells. These heteromeric complexes contained
tightly bound nucleotide (one molecule per septin polypeptide, GDP:GTP ratio about 2:1). Pure heteromeric complexes exchanged
GTP very slowly. The yeast complex polymerized into paired filaments, and the baculovirus-expressed complex into bundles and rings
when the salt was lowered by dialysis. Addition of GTP did not affect polymerization of heteromeric complexes.
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Figure 2. Models for the role of GTP in the
biochemistry of septins. (See text.)
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GTP hydrolysis have been key tools for elucidating cel-
lular function, and the same will likely be true for septins.
Septin sequences diverge from Ras at key residues
implicated in catalyzing GTP hydrolysis, and so far,
GTPase-deficient mutants have not been reported.
Expression of septins with mutations that prevent GTP
binding cause interesting biological effects [10,14], but
as the GTPase domain in these mutants may not be cor-
rectly folded, these data are hard to interpret at a mole-
cular level. With a system where GTP binding and
GTPase activity can be easily measured, it may be pos-
sible to systematically test septin mutants for decreased
(or increased) GTPase rate.
Septins have been slow to yield their biochemical
secrets, but the first observation of a functional effect
of GTP should have a tonic effect on the field. While
the implications of the new observation are yet clear,
we are confident they will stimulate new interest and
experimental approaches, and are thus a major step
forward. (And as a final note, aficionados should bear
in mind that a new nomenclature has recently been
adopted for mammalian septins [15].)
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